ABSTRACT OBJECTIVES: A life course approach and linked Manitoba data from birth to age 18 were used to facilitate comparisons of two important outcomes: high school graduation and Attention-Deficit/Hyperactivity Disorder (ADHD). With a common set of variables, we sought to answer the following questions: Do the measures predicting high school graduation differ from those that predict ADHD? Which factors are most important? How well do the models fit each outcome?
A life course approach and linked Manitoba data from birth to age 18 were used to facilitate comparing two important outcomes: high school graduation (an indicator of language/cognitive development) and AttentionDeficit/Hyperactivity Disorder (ADHD) (an indicator of social/ emotional health). 1 A substantial literature exists on the biological, health, family and socio-economic determinants of child development. Our approach combines a large number of cases, longitudinal epidemiological data, advanced statistics, and sibling analysis to better compare a number of important risk factors; each variable can be assessed simultaneously controlling for the other measures. [2] [3] [4] Using administrative data from the early life course arguably provides better measurement than the usual reliance on retrospective surveys. 3 Categorizing variables likely to affect child development is inevitably subjective. In this study, biological measures include sex and birth weight (an indicator of infant health). Such health conditions as ADHD, conduct disorders, bipolar disorder, asthma, major injuries, and other major health conditions between ages 0 to 13 are noted as dichotomous (yes/no) variables. At least one "biological" measure reflects social conditions: mother's age at first birth. Classified as family variables are family size/birth order, family structure history (providing details on parental marital status, divorce, remarriage and death), residential mobility, and the presence of serious family problems (reflected in the involvement of the provincial Child and Family Services). Socio-economic measures include an index of neighbourhood socio-economic status (SES) and receipt of income assistance (welfare). The longitudinal data permit looking at earlier manifestations of the late adolescent outcomes: Grade 9 Achievement and ADHD diagnosed in the 0-13 age range.
The impact of adverse childhood experiences -including poor health, family instability and economic adversity -on education and health has been well documented. [5] [6] [7] Survey versions of many of the measures in this paper have been used previously. 6 Almost all of the literature is based on research using a smaller N and fewer variables; the number of simultaneous controls has been smaller in previous studies. The research on high school graduation and ADHD typically notes such common issues as family instability and socio-economic disadvantage without allowing comparison across domains. [7] [8] [9] Given the variety of work on high school graduation and ADHD, it makes sense to compare the effects of a uniform set of predictors on these two outcomes. With a common set of variables, we sought to answer the following questions: Do the measures predicting high school graduation differ from those that predict ADHD? Which factors are most important? How well do the models fit each outcome? We use multilevel modelling of large population and sibling samples to answer these questions.
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METHODS
Data overview
The Population Health Research Data Repository at the Manitoba Centre for Health Policy provided routinely collected individual information from all provincial residents. A research registry identifying every individual resident in the province, with arrival and departure dates, deaths and births, was created from the provincial health registry and coordinated with Vital Statistics files. Linked data from several ministries provided information on: individual-level health conditions (Manitoba Health, Healthy Living and Seniors), educational achievement (Manitoba Education), economic adversity (Manitoba Jobs and the Economy), and challenged parents (Family Services). Census data on neighbourhood-level household income, education, unemployment and household family structure were also incorporated. Children were linked to mothers using hospital birth record information, available in essentially all cases. 7 Both the mother's encrypted Personal Health Identification Number and the family registration number were used to define siblings.
Cohort selection
Our population analysis includes those born in Manitoba, Canada between 1984 and 1989 (inclusive), staying in the province up to June of their 18 th year, and included in the Repository. Loss to follow-up (from birth to age 18) was roughly 23% from the original cohort, covering over 98% of those born in Manitoba; outof-province migration is primarily responsible for this attrition.
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The original cohort totalled 72,634. Children were excluded for intellectual disability (n = 1,164); missing data on birth weight (n = 1,373); suppressed postal code for children placed with Manitoba Child and Family Services (or Public Trustee) (n = 218); missing family structure history (n = 540); missing Grade 9 Achievement Index score (n = 16); and missing score on the Socio-economic Factor Index (n = 270). Children residing in Manitoba's Rural North (n = 6,920) were also excluded; many of the schools run by First Nations (Indian) bands in the Rural North do not report graduation figures to the Ministry of Education. Home-schooled children (who do not officially graduate from high school) and those at the few band schools outside the Rural North (n = 2,449) were also not included. Supplementary Appendix A (see ARTICLE TOOLS section on journal site) has additional information on exclusions of individuals from the Rural North and band schools. After exclusions, this sample included 62,739 cohort members. Sibling analyses (N = 29,444) compare genetically similar individuals growing up in similar environments, correcting for error from omitted parental variables. 12 With siblings born within six years of each other, the family environment will have had a relatively short time to change (in possibly unmeasured ways). Selecting twins in families with twins and other siblings ensured sufficient sample size.
Variables
The effect of a series of family-and individual-level covariates on failure to graduate from high school (within four years of entering grade 9) and having an ADHD diagnosis in late adolescence (ages 14-18) is examined (this is not necessarily the first diagnosis of ADHD, but a diagnosis occurred in this time period). Variables are displayed in Table 1 . The neighbourhood of the oldest child in the cohort at age 17 is used to determine the Socio-economic Factor Index (SEFI) score and rural residency; all other siblings are likely to live in this neighbourhood as well. Neighbourhood SEFI is closely related to family SES as neighbourhoods are based on six-digit postal codes, which rarely include more than 600 individuals. Some variables examining family situations (such as family structure changes, residential mobility and social assistance usage) are classified as individual-level variables to facilitate sibling analysis. We are examining the presence of these predictors before age 14; one of these events could occur when one sibling is younger than 14 and one older. Several variables are defined by The Johns Hopkins University Adjusted Clinical Group software, which groups 14,000 ICD codes into 32 aggregated diagnostic groups to simplify the large number of possible health measures. 13 While the presence of family structure changes, residential mobility and health conditions between birth and age 13 is noted, involvement with Child and Family Services (CFS) and income assistance can only be examined in children ages 9 to 13. Data on these covariates were added to the research repository much later than those of the other covariates. Validity issues surrounding mental illness diagnoses using administrative data are discussed elsewhere. 14 
Procedure
Observational studies are often criticized for an exaggerated emphasis on particular variables. 15 Stronger research designs and statistical innovations can help to better identify risk factors having causal effects. 16 Our population and sibling analyses use multilevel modelling to both a) handle the lack of independence among observations which violates a key assumption of most parametric procedures, and b) clarify "confounding variables at both withinand between-group levels". 17 In the multilevel model framework, neighbourhood and family information were placed on the same (second) level, and individual information on the first level. Neighbourhood information was placed at the second (family) level because neighbourhood is not examined at a specific point in time. The neighbourhood of the oldest child at age 17 depends on his/her birth year, and neighbourhoods change. Uniform access to Canadian health insurance further corrected for the possibility of differential insurance coverage within families; 11 the use of objective measures instead of self-reported or retrospective measures strengthens generalizability. Finally, although siblings share many experiences, these experiences may occur at different times in the developmental process. 18 This variation allows using WHAT PREDICTORS MATTER measures such as residential mobility and family structure changes at the individual level.
Because the same set of predictors and cohort are used to examine two outcomes, adjustments were made for multiple comparisons using the Bonferroni method. A desired confidence level of 95% requires predictors to be significant at p < 0.025.
19 SAS version 9.3 was used for all analyses.
RESULTS
In the population cohort, approximately 20% did not graduate from high school in four years, while 3.2% had an ADHD diagnosis between ages 14 and 18. 
Evaluating covariates
Important covariates at birth and during childhood/early adolescence were compared across outcomes. Higher neighbourhood SES decreased the odds of failing to graduate from high school and increased the odds of having an ADHD diagnosis. Rural residency was a protective factor for both outcomes. With increases in mother's age at first birth, the odds of failing to graduate from high school dropped and those of being diagnosed with ADHD grew. Almost all individual measures (26 of 29) were statistically significant predictors of educational achievement; only 11 individual measures were significant for ADHD. Measures of family size/birth order, family structure history, challenged parenting, and economic adversity were particularly important in predicting high school graduation. Mental health conditions in childhood were the strongest Presence of the same condition at an earlier age impacted age 14-18 outcomes. For the education outcome, the "same but previous" predictor was "Less than average Grade 9 achievement"; for the ADHD outcome, it was "Had ADHD, Ages 0-13". Outcomes were modelled without the "same but previous" variable in the models (Model 2 in Tables 2 and 4) ; in the population models, exclusion of "same but previous" variables increased the importance of family structure changes for both outcomes.
Model fit
We used two different statistics to assess model performance. First, a Brier score determined model accuracy; a score of zero indicates complete accuracy and a score of 0.5 indicates complete inaccuracy. 20 Second, a c-statistic (ranging from 0.5 to 1) measured model ability to discriminate between those with and those without the outcome. Both models performed very well when all predictors were included (Brier score < 0.15 and c-statistic well above 0.8); model fit decreased with removal of the "same but previous" variable, but fit remained reasonable (c-statistic over 0.7) ( Table 3) . 21 
Populations and siblings
Comparisons between population (Table 2 ) and sibling (Table 4) samples help establish the generalizability of our results through providing somewhat differing perspectives on the life events used. The sibling analysis added the "difference in days between births of siblings" and removed "only child" in the "family size/birth order" measures. With the sample size for the population analyses more than twice as large as that for the sibling analyses, fewer measures in the sibling models were significant (but odds ratios were generally similar). Non-twin siblings were generally less likely to graduate from high school than twins, suggesting higher levels of parental involvement and/or less negative sibling interaction among the relatively small number (n = 1,122) of twins. Siblings born close together (<842 days) and those born far apart (>1,113 days) had the lowest odds of high school graduation. 22 Observational studies comparing siblings within families have been considered to have more internal validity than population studies by eliminating "genetic confounds due to passive Table 2 .
Odds ratios of neighbourhood, family and individual covariates (population models) Note: Statistically significant predictors with odds ratios differing most from zero are bolded. M = mother married at time of child's birth; U = mother unmarried at time of child's birth. * N = 62,739; * p < 0.0125; ** p < 0.001. † Model 1 includes "Same but Previous" predictor; Model 2 does not include "Same but Previous" predictor.
WHAT PREDICTORS MATTER
gene-environment correlation" 16(p. 275) and by controlling for reciprocal causation. 10 Because stronger research designs tend to show smaller relationships, bootstrap methods were used to determine whether significant differences existed between effects in the population and sibling models (see Supplementary Appendix B). 16 When examining the "failure to graduate from high school" models, a significant decrease in effect was seen in only one predictor -"two children, second born" was significant in the population model but not in the sibling model. The "ADHD, 14-18" model showed no differences. Since only one effect size differed in the population and sibling models, results from using the population sample appear robust and not hindered by familial confounding, social selection, or misclassification for the education and ADHD variables. Note: Statistically significant predictors with odds ratios differing most from zero are bolded. M = mother married at time of child's birth; U = mother unmarried at time of child's birth. * N = 29,444; * p < 0.025; ** p < 0.001. † Model 1 includes "Same but Previous" predictor; Model 2 does not include "Same but Previous" predictor.
Because fit statistics and odds ratios change relatively little between the two types of samples, multilevel population analyses (often drawn from administrative data and consecutive birth cohorts) might be able to replace more traditional sibling samples (typically based on survey data). 23 The greater number of cases provided by administrative data is particularly helpful in assessing importance (and statistical significance) when using many predictors.
Model validation and sensitivity testing
To determine that our model is not over-fit, we used 10-fold cross validation. 21 Differences in c-statistics of the cross-validated model and the original model were small and not statistically significant, indicating that over-fitting was not an issue. Bootstrapping was used to determine the standard errors associated with our estimates; confidence intervals from the original models were very similar to those generated from the bootstrapped models (see Supplementary Appendix C). Various sensitivity analyses determined how different analytic decisions impacted the results. Sensitivity testing examined models that: 1) remove variables only available between ages 9 and 13; 2) use neighbourhood of the oldest child at birth; 3) measure neighbourhood SES using Material and Social Deprivation indices; 4) analyze a population subsample for whom household income was available (details in Supplementary Appendix D). Overall, our findings were minimally affected and very robust. Additional comparisons examined whether predictors differed for males and females (see Supplementary Appendix E). With insufficient numbers of male-only siblings and female-only siblings to permit multilevel analyses, logistic regressions were run. Some differences in predictors were seen between males and females; given the weaker study design, these results are not as robust.
DISCUSSION
The adverse childhood experiences important for each outcome differ. While family instability and economic adversity more strongly affect failing to graduate from high school, adverse health events in childhood and early adolescence have a greater impact on late adolescent ADHD.
Almost every study measure important in predicting high school graduation accords with the perspective put forward by Link and his collaborators. 24 They postulate that individuals of relative wealth and without family problems are disproportionately able to take advantage of government programs -such as (high school) education. Earlier success (as indicated by Grade 9 achievement) predicts later success. Odds ratios show some general similarities across the different measures for predicting graduation, with younger children in large families and children in poor, unstable families at particular risk.
The predictors of ADHD in late adolescence are more difficult to categorize. The family-level analyses indicate the ADHD diagnosis to be somewhat related to access to urban physicians and to having an older mother. Several of the family structure history measures (parental divorce and two or more transitions) remain significant but mother's unmarried status seems less important. This -and the lack of relationship between family receipt of income assistance and the ADHD diagnosis -suggests a smaller role for economic circumstances. Prior health conditions (particularly diagnoses pertaining to externalizing mental health conditions) generate consistently significant odds ratios. The very high odds ratio related to ADHD diagnoses at an earlier age highlight this condition's continuity. Severe family problems significantly contribute in the population analysis; the relatively small number of siblings coded differently on this variable may contribute to the lesser statistical significance of these problems.
CONCLUSION
This study highlights the importance of including both social determinants of health and health conditions in childhood and early adolescence when examining cognitive and emotional outcomes. The large number of cases, which facilitated assessment of the predictors of adolescent intellectual and emotional development, is a major study strength. The longitudinal nature of this research allows making stronger inferences about the impact of childhood adversity on health and education; all of the covariates in the models precede the outcome. 7 Population and sibling samples provide complementary approaches to evaluating the importance of predictors. Our approach should permit both developing valid risk prediction tools (currently used clinically for patient decision making) and identifying those who might benefit from specific interventions. 25 Applying such tools at the population level can give insight into these outcomes for a province, region or nation and further quantify the burden of risk in the population. Administrative data do have limitations. Symptoms may occur well before an official diagnosis and family problems often precede a formal change (such as divorce or remarriage). Diagnostic identification is less than perfect, and some variables will be lacking. But linkable databases can facilitate "expansion" through the creation of new variables, such as a measure combining residential mobility and school mobility. Over time, additional measures (such as child maltreatment) will become available. Incorporating both surveys and new government datasets (such as housing and justice) into information-rich environments may further increase both the explainable variance and the number of interesting outcomes.
Time-varying measures are critical to better model a life course perspective; however, the timing of such events is an important consideration. 16 Examining several stages of childhood (for instance age groups 0-3, 4-8 and 9-13) would indicate which predictors appear most influential when, and provide important information regarding the appropriate timing of interventions. Maternal data (produced by linking mother's and child's files) should support both a family perspective and new modes of analysis. 23 Unique research possibilities are being created by the availability of longitudinal linkable data. MOTS CLÉS : déficit de l'attention avec hyperactivité; niveau d'instruction; risque; études longitudinales
